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DECLARATION UNDER 37 C.F.R. § 1.132 

I, Fatema Legrand, do hereby make the following declaration: 

1. I received a B.S. in Biological Science from the University of California, Los Angeles, 
in August 1994, an M.S. in Biological Science from Harvard University in March 1998, and 
completed a Ph.D. in Comparative Pathology with a Designated Emphasis in Biotechnology from 
the University of California, Davis in December 2001. The focus of my doctoral dissertation was 
the development of strategies for enhancing the safety and efficacy of recombinant vaccinia virus 
vaccines. 

2. Since completing my Ph.D. in 2001, I have held a series of research positions of 
increasing responsibility, first in academic research laboratories, and subsequently in the 
biotechnology industry. My research has focused in the areas of vaccines and immunology, 
including immune monitoring and phenotypic analysis, in which I have published ten papers in peer- 
reviewed scientific journals. I am currently a Senior Scientist at BN ImmunoTherapeutics, Inc. 
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("BNIT"), a position I have held since January 2009. I have been with BNIT since August 2006. A 

copy of my Curriculum Vita and list of publications is attached to this Declaration as Exhibit 1. 

3. 1 have read U.S. Patent Application No. 08/955,373 ("die '373 application"), 
including the claims as amended, and die Office Action issued February 17, 2011 ("Office Action"), 
by Examiner Schwadron. I understand that all pending claims have been rejected under 35 U.S.C. 

§ 103(a) as allegedly obvious in view of a number of references, including International Publication 
No. WO 1992/005192 ("Russell-] ones"), US Patent No. 5,716,596 ("Dean"), and US Patent No. 
5,969,109 ("Bona"). 

4. I understand that an obviousness rejection can be overcome by evidence showing 
that the claimed invention yields unexpectedly improved properties compared to the prior art, as has 
been argued in response to a previous Office Action, based upon data included in the patent 
specification showing tiiat administration of a self-protein analogue modified to include a single 
heterologous T-cell epitope rapidly induced a strong antibody response that was not MHC restricted. 
US Application No. 08/955,373, at Example 3. In this case, I understand that the Examiner has 
asserted that the evidence of unexpected results included in the specification is not 'commensurate 
in scope' with the claimed invention because the claims encompass methods of treating humans, 
while the experiments reported in the specification were performed in mice. Office Action, section 
8, page 8. Finally, I understand that such evidence need only be reasonably commensurate in scope 
with the claimed invention, meaning it is sufficient to establish a reasonable correlation between the 
evidence and die entire scope of die claim, when viewed by a skilled practitioner. 

5. While it is true that the data reported in die '373 application was obtained in mice, I 
note diat the mouse immune system is a well-established model for studying the human immune 
system. Indeed, preclinical studies of potential human therapeutics — immunomodulatory and 
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otherwise — are routinely conducted in a variety of mouse strains. Proiiiisiiig results obtained in 

mice frequently lead to the eventual conduct of clinical trials in humans. In fact, much of the 

preclinical work leading up to the two Phase I clinical trials described below was performed in a 

transgenic mouse model of FIER-2-ovcrcxprcssing breast cancer. 

6. I also note, however, that preclinical studies generally examine a much wider range of 
biological responses to a particular therapeutic strategy than can be monitored in even a small 
clinical trial conducted in human patients, primarily for reasons of safety and cost. For example, the 
clinical trials described below did not collect information regarding MHC haplotype of participating 
patients. Furthermore, it is often impossible to replicate experimental conditions from preclinical 
studies in a clinical setting because patients enrolled in clinical trials are generally quite sick, and have 
in most cases been undergoing rigorous treatment with cytotoxic and immunosuppressive 
chemotherapeutics for some time. That can present a significant challenge for trials of 
immunotherapies in the treatment of cancer in particular, since many approved first-line 
chemotherapeutics have known immunosuppressive effects. 

Treatment with MVA-BN®-HER2 was able to break tolerance against HER2 in metastatic 
HER2-overexpressing breast cancer. 

7. MVA-BN®-FIER2 is a candidate breast cancer immunotherapy product comprising a 
highly attenuated vaccinia virus, MVA-BN®, engineered to encode a modified form of the ITER-2 
protein. HER-2 is overexpressed in 20-30% of human breast cancers. MVA-BN®-HER2 encodes a 
modified form of the HER-2 protein ("HER2") containing the extracellular domain of HER2 
without its intracellular cell- signaling domain that has been further modified to substitute two 
universal T-cell epitopes from tetanus toxin for amino acid sequences of the same length in the 
HER2 protein. The T-cell epitopes were included to facilitate the stimulation of an immune 
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response to HER2, a self-protein, which requites the 'breaking' of immune tolerance {i.e., the ability 

to distinguish self proteins from non-self proteins). 

8. Preclinical data have demonstrated MVA-BN®-HER2 to be safe and immunogenic, 
inducing strong antitumor activity against HER2-expressing tumors. Previous immunological 
evaluation of MVA-BN®-HER2-ttcated patient samples revealed that treatment was able to break 
tolerance against HER2 in a metastatic setting, inducing a humoral and/or a T-cell response in 
greater than 66% of the patients. Specifically, anti-HER2 antibodies were detected in 52% of 
patients tested and T-cell responses were boosted in 63% of patients. 

9. The BNIT-BR-001 and BNIT-BR-002 Phase I trials were both fixed-dose, single 
arm trials conducted under an Investigational New Drug Application approved by the US Food & 
Drug AdiTiinistration. The trials evaluated die safety and biological activity of a fixed dose of MVA- 
BN®-HER2 alone and in combination with chemotherapy, with or without Herceptin, for the 
treatment of patients with HER2-positive metastatic breast cancer. BNIT-BR-001 evaluated 
treatment with MVA-BN®-HER2 following first- or second-line chemodierapy (Cohort 1) alone or 
in combination with single-agent taxane chemotherapy (Cohort 2), while BNIT-BR-002 evaluated 
treatment with MVA-BN®-HER2 following first- or second-line chemodierapy. Patients were 
previously screened for HER2-ovet expressing cancer cells. 

10. Patients received 1x10 s TCID 50 (50% tissue culture infective dose; i.e., the amount of 
virus required to kill 50% of infected hosts or to produce a cytopatliic effect in 50% of inoculated 
tissue culture cells) of MVA-BN®-HER2 by three consecutive subcutaneous injections administered 
at three week intervals. All patients from BR-001 and BR-002 were allowed to receive concurrent 
standard Herceptin® treatment, which was administered weekly according to the manufacturer's 
instructions. Patients from Cohort 2 of BR-001 received concurrent standard Taxotcre® (docetaxel) 
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treatment administered every three weeks according to the manufacturer's instructions. Taxotere® 

was given one week after or two weeks before MVA-BN®-HER2 treatments. 

11. Peripheral blood samples for immune analysis were collected before treatment 
started (pre-trcatment time-point) and two weeks following each injection (post-treatment time- 
points). In addition, three- and six-month long-term follow up ("LTFU") samples were acquired for 
patients who did not manifest clinical progression. For all time-points, patient samples were drawn 
at the clinical trial sites and consisted of ten sodium heparin tubes, one serum separator tube, and 
one PaxGene tube. The clinical sites for BR-001 were located in Eastern Europe (seven sites in 
Serbia and Poland); samples for this study were sent overnight at ambient temperature to a central 
laboratory (Thymed Inc.; Frankfurt, Germany) for processing. The clinical sites for BR-002 were 
located in Berkeley and Stanford, CA; samples for this study were delivered to BNIT via same-day 
courier service. Peripheral blood mononuclear cells ("PBMC") were prepared from whole blood 
using Ficoll-Paque density gradient centrifugation by standard procedures. PBMC were used in 
assays described below and/or cryo-preserved according to standard methods. 

12. Biological activity of MVA-BN®-PIER2 was confirmed by measuring the humoral 
and/or cellular immune responses directed against HER2. Humoral immune responses were 
detected by enzyme-linked immunosorbent assay ("ELISA"). Cellular immune responses were 
detected by enzyme-linked immunosorbent spot assay ("ELISpot"). 

Induction of HER2- and MVA-specific humoral responses in MVA-BN®-HER2-treated 
individuals 

13. HER2-specific and MVA-specific humoral immune responses were monitored for 
both BR-001 and BR-002 clinical trials by ELISA and arc expressed as an antibody titer. ELISA 
plates (rhermo Electron, Waltham, MA) were coated with recombinant Human FIER2 ECD 509 
Flag or FIER2 ECD 623 Flag protein diluted in coating buffer (200mM Na 2 C0 3 , pFI 9.6) at 0.75 
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ug/mL of 2 ug/mL, respectively for one hour at room temperature. Plates were then washed with 

PBS/0.05% Tween® 20 by hand and subsequently blocked for 1 hour with PBS/0.05% Tween® 20 

or SuperBlock™ (Pierce, Rockford, IL). Plates were washed with PBS/0.05% Tween® 20 before 

adding serial dilutions of patient sera in PBS/0.05% Tween® 20 or 10% SuperBlock™ in triplicate. 

Plates were incubated for one hour at room temperature then washed as above, prior to adding the 

detecting antibody (anti-human IgG-HRP) diluted in PBS/0.05%, Tween® 20 or 10% SuperBlock™. 

Plates were incubated for one hour at room temperature, washed, and bound antibodies were 

detected with the TMB chromogenic substrate (Calbiochem, Gibbstown, NJ). The colorimetric 

reaction was stopped with 0.5M H 2 S0 4 . Absorbance at 450 nm was measured using a Multiskan 

Spectrum plate reader (Thermo Electronics, Waltham, MA). Titers were calculated as the last 

reciprocal of the highest dilution that resulted in a signal at least two fold over background. 

Background was established from a control sample of healthy human serum. Acceptance criteria for 

titer determination required statistical significance between test and control samples. Finally, 

vaccine-mediated effects were measured when there were no response at baseline (pre-treatment 

time-point) and a positive response at any post-treatment time-point or when at least a four-fold 

increase in titers between any time-points was detected. 

14. Anti-HER2 antibody responses were evaluated by ELISA using a truncated form of 

the HER2 extracellular domain ("ECD") lacking domain Fv", which contains the antigenic 

determinant recognized by Hcrceptin. Eighty percent of patients received Hcrceptin treatment in 

combination with MVA-BN®-HER2; use of this truncated form avoided measuring the possible 

interference of Hcrceptin in patient sera while detecting vaccine-induced anti-HER2 antibodies. 

Pre-treatment and peak post-treatment titers for 29 samples tested with the truncated form of the 

FIER2 ECD are shown in Figure 1 below. 
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16. Vaccine-induced HER2-specific antibody responses were detected in 15 out of 29 
patients (>50% response rate); subsequent analysis using a flow cytometty-bascd assay to 
characterize anti-HHR2 antibody binding to HER2 expressing cells revealed responses in 2 
additional patients having undetectable anti-HER-2 IgG ELISA titers (data not shown). Antibody 
titers ranged between 40 and 2560. At least two treatments were required to reach peak titers; 
however, for the majority of responders (9 out of 15, or 60%) peak titers were reached after three 
treatments (data not shown). At long-term follow-up, HER2 antibody titers returned to baseline 
values after treatment cessation. The difference in titers in the pre- and post-treatment samples 
depicted in Figure 1 is highly statistically significant, supporting the conclusion that, the increase in 
anti-HER2 titers observed is mediated by MVA-BN®-HER2 treatment. There was no obvious 
difference in response rates, kinetic and titer values between patients of Cohort 1 (6 responders out 
of 10 patients tested) and Cohort 2 (5 responders out of 10 patients tested) of BR-001, and BR-002 
(4 responders out of 9 patients tested). Overall, seven patients had pre-existing antibody responses 
to HER2. This status did not significantly change the response rate. Indeed, tihree of these seven 
patients (07-057, 07-077, and 07-064) responded to MVA -BN®-H ER2 with a >4-fold increased titer. 
Titers in samples from the remaining four patients with pre-existing anti-HER2 responses (07-065, 
07-063, 07-058, and 08-003) did not augment with treatment. 

17. Notably, responders and non-responders with pre-existing anti-HER2 antibody titers 
were evenly distributed in BR-002 and Cohort 1 of BR-001. However, no pre-existing responses 
were detected in samples from patients of Cohort 2 of BR-001 . In terms of titer value, the strongest 
anti-HER2 antibody response was detected in patient 07-057 enrolled in the BR-002 trial. This 
patient had a pre-existing antibody response to HER2 (titer of 640 at baseline) and was treated 
concurrently with Herceptin. MVA-BN®-HER2 treatment stimulated the antibody response (peak 
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post-treatment titer of 2580) in this patient despite a decrease in 'I'- and B-cell counts and a low NK 

cell count (data not shown). 

1 8. As expected, most patients (27 out of 30 or 90°/)) responded to MVA-BN®-HER2 
treatment by mounting or boosting responses to the vector (data not shown). Approximately one- 
third of the patients (9 out of 30) entered the study with a pre-existing MVA antibody titer. Of 
these, 7 out of 9 patients demonstrated a vaccine-induced boost in their anti-MVA titer post- 
vaccination. Titer variations were modest during treatment for most rcsponders. Of the 24 patients 
continuing into the 3- and 6-month long-term follow-up period, 12 patients maintained the 
augmented anti-MVA antibody levels after die completion of treatment (data not shown). 

19. Overall these data indicate that despite the immune-comproiTiised status of the 
patients in these trials, MVA-BN®-HER2 was biologically active, inducing an antibody response 
against the HER2 transgene product in addition to the expected anti-vector responses. Important!)', 
pre-existing and de novo response to the vector did not appear to affect the induction of anti-HEH2 
antibody responses. 

Induction of HER2- and MVA-specific T-cell responses in MVA-BN®-HER2-treated 
individuals 

20. HER2-specific and MVA-specific cellular immune responses were monitored for 
both BR-001 and BR-002 clinical trials by ELISpot and are expressed as the number of spot- 
forming cells ("SFC"). Membranes of Milliporc Multiscreen 96-well filtration plates (MSIPS4510) 
were hydra ted widi 35% ethanol. Ethanol was discarded immediately and plates were washed with 
PBS under sterile conditions. Plates were coated with anti-human IFN-y Mab 1D1K capture 
antibody (MabTech, Sweden) at 10 ug/mL and incubated overnight at 4°C. The coating antibody 
was discarded, plates were washed with PBS, blocked witii MATIS medium supplemented with 1 0% 
human serum for at least 60 minutes at room temperature and subsequendy washed with PBS. 
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PBMC were added alone and stimulated with SEB (20 ng/mL), MVA virus (MOI 10 and 2), HER2 

ECD and HER2 ICD overlapping peptide libraries ("OPL") (0.2 and 1 uM), HIV Gag OPL (1 riM), 

and CEF peptide pool (2 Lig/mL). After stimulator proteins, peptides or MVA virus were added to 

the wells, plates were incubated at 37°C in a 5% C0 2 incubator for approximately 40 hours. Cells 

were then discarded and the wells were washed with PBS, and subsequently with PBS/0.05% 

Tween® 20. Biotin-conjugated monoclonal anti-IFN-y antibody Mab 7B61 (MabTech, Sweden) was 

filtered and added to all wells. Plates were incubated for one hour at room temperature and then 

washed with PBS/0.05% Tween® 20 before die addition of Streptavidin-Alkaline Phosphatase (BD 

Pharmingen, San Diego, CA). After one-hour incubation at room temperature, the plates were 

washed with PBS/0.05% Tween® 20 and subsequently die backing was removed and the plate was 

soaked in PBS / 0.05% Tween® 20 for 1 hour. The plate was developed in die dark with the V ector 

Blue Substrate (Alkaline Phosphatase Substrate Kit III, Vector Lab Inc., Burlingame, CA) for 20 

minutes. The wells were washed gently and thoroughly with tap water to remove the substrate. 

Plates were scanned and spots enumerated using the CTL ImmunoSpot S3B Analyzer and 

ImmunoSpot Profession DC software version 5.0 (Cellular Technology Ltd., Cleveland OH). Each 

stimulation was performed in quadruplicate using 2x10 s cells per well. Response evaluation was 

performed if at least 10 spots were counted in test wells, and a statistically significant difference in 

the number of spots between a test and control wells was detected. When less than 50 spots were 

counted in test wells, a response was deemed positive when the average number of spots in test 

wells was at least 2 fold higher than in the control wells. When more than 50 spots were detected in 

test wells, a response was deemed positive when the average number of spots in test wells was 

greater than the highest of the following values: control wells mean + 2 SD; control wells mean + 

control well mean/2 when the SD is less than 20% in the control wells. Vaccine-mediated effects 
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were detected when there was no response at baseline (pre-treatment time-point) and a positive 

response at any post-treatment time-point. For patients with pre-existing responses {i.e., a positive 

response was detected at baseline), vaccine-mediated effects were detected when dicrc was a 

significant increase ("-4-fold) of spot number between baseline and post-treatment time-points. The 

consistency of responses to CEF peptide was used as an additional acceptance criterion to evaluate 

potential vaccine-induced effects. 

21 . Cellular immune responses were evaluated by ELISpot for eight of the nine BR-002 
patients at each time-point throughout the course of the clinical trial. The lack of a fresh baseline 
PBMC sample rendered patient 08-024 non-cvaluable for T cell analysis. All assays were performed 
on freshly isolated cells measuring interferon-y (IFN-y) secretion upon stimulation with either 
HER2 ECD protein (ECD-pro), a peptide library derived from HER2 ECD protein sequence 
(ECD-pep), a peptide library derived from FIER2 ICD protein sequence (I CD-pep), tetanus toxoid 
peptides (TT), a mixture of peptides from cytomegalovirus ("CMV"), Epstein-Barr virus ("EBV") 
and influenza virus ("CEF"), or MVA. CEF stimulation was used to normalize T cell responses 
detected at different assay dates. Positive responses to the CEF peptide pool were detected in 7/8 
patients (data not shown). CEF-specific responses in individual patients remained relatively 
consistent throughout die trial, with only 2 patients showing a greater variation in the CEF response 
after vaccination (data not shown). 

22. Vaccine-induced HER2-specific T-cell responses (de-novo or an increase over pre- 
existing response) to HER2 ECD were detected in five out of eight patients (63%) upon stimulation 
witii at least one HER2 reagent (ECD-pro, ECD-pep, and/or ICD-pep). The fact that 63% of 
patients displayed vaccine-induced HER2-specific T-cell responses indicates immune activation of a 
broad population and substantiates the preclinical observation that MVA-BN®-HER2 responses are 

Page 11 of 15 



1>K 1 .ARM ION UNDRR V r HR. jlO 1 
Application No. 08/955.373 
j\tTf!5.Hv\ DodvetlV BXITOOOi ! Ci US 

lot AJf fr ics tut tttl, Mm efle most c< m wnU occu i <su> huo -m M! I< I \ILcIcs ippeai at txequencies 

utvnnir fiom 29° to .1, dej e i« J ifif> 1 n tht p<. puhrt m cammed inhibit 2, \ Tth'e \ 1 r 

<// 0 b -J sh 1 > 1 Pciilt j vp,) scs p t and post tieTttm.nl ob&cueu <utb thv. HFR2 FCD striken: lie 

5.1 < 1 li bi^iie 2 hf\m Of those de noiio<n««Va 1 < JJ icspo , K\ n h; d pte M«tng nti 

HhR2 I cfils, thaWe e sigmfi-.a d\ vmmh lJ b Uonmg hcatiwni Hnwwi, ir gonial the 

lespi ji sveie nodeot (50-110 ^pens pei ii*' Pb\T( ,< He km*. ucs> oi the tespi -nsc- v?i ed, wi 1 

m me patients h u mt >e'tk te^poiise& ifte 1 UcUn e it a id otheto aftu. ^ 01 ^ (data ! ot si . «ni \t 

K ii£j-tcs ni folios -up pi^t ticatiacnt, HFR2-bpecifsc 1 ..eRkveK etuuitdn basefinr \ alues (chir 

not .■■shown}. 

23. bsgute-2: 



300 




07-029, 07-003, 4, 0/-0&7, 07-053,* 07-GiY, 

0C 003, « 08-005, 08-033 



1 Til \ "> t i L\ h.bit _ W fit. p^var- ui 1 ic tluin whm i>mnii<>i lia )i ft Mil, ,]Lit j - u< torn Jjfn.uiit populations; 

A'bit 2 1, u u tN mt ,, , if ^v.j. > v„ lt t< ^ u < 0l pi; t\ The data wis 

r nria <x! n nti ' niogj 1 ■> <. it ed HJ \ M ■ uhta 1 1 i, 1 m ipj uj^i;, w t K.1 F<uh 1 1 Jv h uhes in considerable derail 

P^c 12 of 15 



DECLARATION UNDER 37 C.F.R. § 1.132 
Application No. 08/955,373 
Attorney Docket No. BNIT0003-PCT-US 

PBMC were re-stimulated in vitro with HER2 ECD for the induction of IFNy secretion. 

Background SFC (Media/HIV Gag OPL) was subtracted for all data points; post HER- ECD 

values with the background subtracted represent peak post-treatment data upon re-stimulation 

with either an HER2 ECD OPL (1 uM) or HER2 ECD protein (lOyg/tnL). Samples not 

meeting ELISPOT acceptance criteria for anti-HER2 positivity are indicated with the symbol 

%. Median response in the pre- and post-treatment response groups is denoted with a gray 

horizontal bar. 

24. Vaccine-induced HER2-specifk T-cell responses (de-navo or an increase over pre- 
existing response) to HER2 ICD were detected in three out of eight patients evaluated upon 
stimulation with the HER2 ICD overlapping peptide library (ICDpep). Peak responses pre- and 
post-treatment observed with the HER2 ICD reagent are shown in Figure 3. Of die patients 
demonstrating a T cell response, two had a pre-existing HER2 ICD response that was significantly 
augmented and one showed a ck-novo response to HER2 ICD. Induction of anti-HER2 ICD T-cell 
responses in the latter suggest possible epitope spreading to non-transgenc determinants. 

25. Figure 3: 




07-029, m 07-033, A 07-057, . 07-058, ♦ 07-077, 
# 08-003, m 08-005, A 08-033, 
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PBMC were re-stimulated in vitm with HER2 ICD for IFNy secretion. Background SFC 

(Media/HIV Gag OPL) was subtracted for all data points; post HER2 ICD response with die 

background subtracted represent peak post-treatment data upon re-stimulation with HER2 ICD 

OPL (1 uM). Samples not meeting ELISPOT acceptance criteria for anti-HER2 positivity are 

indicated with the symbol \. Median response in the Pre and Post response groups is denoted with 

a gray horizontal bar. 

26. Strong MVA T cell responses were detected in 7 out of 8 patients tested prior to 
treatment that were all boosted following MVA-BN®-HER2 treatment (data not shown). The only 
patient without detectable pre-existing anti-MVA T cells (07-033) developed a de-iwpo response to 
die vector upon treatment (data not shown). As with HER-2 ECD and ICD, the kinetics of die 
MVA T cell responses varied, with responses reaching dieir peak after 1, 2 or 3 vaccinations (data 
not shown). At long-term follow-up, post treatment, MVA-specific T cell levels returned to baseline 
values (data not shown). These data corroborate the antibody data described above, as they confirm 
the potency of MVA-BN®-HER2 at inducing immune responses to both the HER2 transgene 
product and vector. As with the antibody responses, pre-existing and de novo responses to the vector 
did not appear to affect the induction of anti-HER2 T-cell responses. 

27. In summary, the data presented above shows that MVA-BN®-HER2 is immunogenic 
in human patients having HER2-overexprcssing breast cancer. Anti-MVA antibody responses were 
detected in 27 out of 30 patients tested (90% response rate), while anti-MVA T cell responses were 
detected in 8 out of 8 patients tested (100% response rate). Most importantly, MVA-BN®-HER2 
itntnunogenicity was also established based on the induction of immune responses to HER2, a self 
tumor antigen, a variant form of which is expressed by the viral vector. Overall, anti-HER2 
antibody and/ or T-cell responses were detected in 19 out of 29 patients tested (66% response rate). 



Page 14 of 15 



DECLARATION UNDER 37 C.F.R. § 1.132 
Application No. 08/955,373 
Attorney Docket No. BNIT0003-PCT-US 



Hence, MVA-BN®TTER2 treatment was able to break tolerance against HER2 in a majority of 
metastatic breast cancer patients, which validates this compound as a vaccine candidate for cancer 
immunotherapy and confirms the findings of the preclinical studies reported in the '373 application. 

28. I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true, and further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Dated: June 17, 2011 




Fatema Legrand, Ph.D. 
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Fatema A. Legrand 

2425 Garcia Avenue 
Mountain View, CA 94043 
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Ph.D., University of California, Davis, Comparative Pathology with a Designated Emphasis in Biotechnology, 
December 2001. Dissertation: Enhancing the safety and efficacy of recombinant vaccinia virus vaccines. 

Master of Science, Harvard University, Biological Science, March 1998. Thesis: The role of viral anti- 
inflammatory genes and lymphokines on the immune response. 

Bachelor of Science, University of California, Los Angeles, Biological Science, August 1994. 
INDUSTRY EXPERIENCE 

Senior Scientist, BN ImmunoTherapeutics {a subsidiary of Bavarian-Nordic), January 2009-Present 

Human immunology group leader, supervising 7 personnel including 5 research associates, 1 scientist, and 1 
QA specialist. Coordinate the scientific and logistical facets of the clinical trial immune monitoring for phase I, 
II and III recombinant modified vaccinia Ankara (MVA) based cancer immunotherapy programs. Supervise 
development of QC product characterization and release assays under a GMP compliant environment. 

Research Scientist II, BN ImmunoTherapeutics (a subsidiary of Bavarian-Nordic), August 2006-Decmber 2008 

Lead the clinical immune monitoring group comprised of a team of 4 Research Associates and 1 Clinical 
Research Associate. To implement and coordinate a clinical immune monitoring program for two recombinant 
modified vaccinia Ankara (MVA) based cancer immunotherapies in international clinical trials. Duties include 
developing cutting-edge cell-based assays such as flow cytometric based phenotypic analysis of peripheral 
blood subsets including T regulatory ceils, Enzyme-Linked Immunospot (ELISPOT) assay, Intracellular Cytokine 
Staining (ICS), flow cytometric based proliferation assay, flow cytometric based cytotoxicity assays, multiplex 
cytokine analysis using the BD CBA system, and RT-PCR based measurement of circulating tumor cells. Other 
efforts have focused on developing multiplex assays for the measurement anti-tumor humoral immune 
responses as well as a peptide based B-cell epitope mapping assay. Additional responsibilities encompass the 
quality control of assays and reported data, troubleshooting, method validation, ensuring GLP/GCP 
compliance, interpretation and synthesis of study results, writing SOPs and technical reports, preparation of 
supporting documentation, including documents contributing to regulatory submissions, training personnel, 
supervising laboratory day-to-day operations and safety, and interacting with multidisciplinary project teams 
and CROs. 



RESEARCH EXPERIENCE 



Postdoctoral Research, University of California, San Francisco/Gladstone Institute of Virology and 
Immunology, June 2003-Juiy 2006 
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Understanding the function of the infant immune system in the setting of pediatric HIV infection. Showed that 
exposed-uninfected infants can mount HiV-specific T-cell immune responses at high frequency and that CD4+ 
CD25+ T-regulatory cells may play a role in subverting infection, determined that strong CD4+ T-helper and 
CD8+ cytotoxic T-ceil immune responses elicited against HIV viral antigens play a central role in controlling 
disease progression in a set of perinatally infected monozygotic twins that differ greatly in their clinical course 
where one twin is thriving while the other is not, elucidated the role of protease inhibitors in inhibiting cell- 
mediated immune responses in HIV-infected children. 

Postdoctoral Research, University of California, Davis, January 2002-May 2003 Completion of doctoral 
research (see below) and preparation of manuscripts for publication. 

Doctoral Research, University of California, Davis, September 1997-December 2001 Demonstrated that the 
inactivation of the vaccinia virus B13R or B22R immune-modulating gene greatly attenuates recombinant 
vaccinia virus vaccines without a concomitant loss of immunogenicity, showed that the co-expression of the 
cytokine IFN-y substantially increases attenuation while maintaining strong humoral and cell-mediated 
immune responses, revealed that the cytokine IL-18, also known as IFIM-y inducing factor, can be utilized as a 
potent adjuvant as well as an attenuating agent, and co-developed a second-generation vaccine for rinderpest 
that has the potential for global eradication of the disease, and participated in the study of the HIV-1 
accessory protein Nef. While this protein serves as a virulence factor in its host virus, in a large DNA virus like 
vaccinia virus, Nef acts as an attenuating agent. 

Graduate Biotechnology Research Intern, Scios Inc., Sunnyvale, CA, April 2000-October 2000 Researched the 
biological role(s) of p38-gamma using an adenovirus system. 

Masters Research, Harvard University, 1995-1997 Constructed recombinant viruses for the study of the 
immune-modulating role(s) of viral anti-inflammatory genes and cytokines. 

Honors Undergraduate Research, University of California, Los Angeles, 1994-1995 Studied the role of specific 
T-cell receptor repertoires in controlling the murine autoimmune diseases experimental allergic 
encephalomyelitis and collagen-induced arthritis. 

PATENTS 

METHODS FOR TREATING PROSTATE CANCER WITH MVA. The invention encompasses methods for treating 
prostate cancer patients with a recombinant modified vaccinia Ankara (MVA) viral vector encoding genes for 
prostate specific antigen (PSA) and prostate acid phosphatase (PAP). 

PUBLICATIONS 

Fatema A. Legrand, Douglas F. Nixon, Christopher P. Loo, Erika Ono, Joan M. Chapman, Maristela Miyamoto, 
Ricardo S. Diaz, Amelia M.N. Santos, Regina CM. Sued, Jacob Abadi, Michael G. Rosenberg, Maria Isabel de 
Moraes-Pinto, Esper G, Kallas. 2006. Strong HiV-l-specific T cell responses in HIV-l-exposed uninfected infants 
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and neonates revealed after regulatory T cell removal. PLoS ONE. 1(1): el02 
doi:10.1371/journal.pone.0000102. 

Fatema A. Legrand, Jacob Abadi, Kimberly A. Jordan, Miles P. Davenport, Steve G. Deeks, Glenn J. Fennelly, 
Andrew A. Wiznia, Douglas F. Nixon, and Michael G. Rosenberg. 2005. Partial treatment interruption of 
protease inhibitors augments HIV-specific immune responses in verticaily infected pediatric patients. AIDS. 
19(15): 1575-1585. 

Kenneth S, Chan, Paulo H. Verardi, Fatema A. Legrand, and Tilahun D. Yilma. 2005. Nef from pathogenic simian 
immunodeficiency virus is a negative factor for vaccinia virus. Proceedings of the National Academy of 
Sciences, USA. 102(24): 8734-9. 

Fatema A. Legrand, Paulo Verardi, Kenneth S. Chan, Yue Peng, Leslie Jones, and Tilahun D. Yilma. 2005. 
Recombinant Vaccinia Viruses Expressing Interferon-Gamma are Highly Attenuated and Efficacious. 
Proceedings of the National Academy of Sciences, USA. 102 (8): 2940-5. 

Fatema A. Legrand, Paulo H. Verardi, Leslie A. Jones, Kenneth S. Chan, Yue Peng, and Tilahun D. Yilma. 2004. 
Induction of Potent Humoral and Cell-Mediated Immune Responses with Attenuated Serpin-Deleted Vaccinia 
Virus Vaccine Vectors. Journal of Virology. 78 (6): 2770-2779. 

Tilahun D. Yilma, Fatema H. Aziz, Shabbir Ahmad, Leslie A. Jones, Rosemary N. Ngotho, Henry M. Wamwayi, 
Berhanu Beyene, Mebratu G. Yesus, Berhe G. Egziabher, Martiam Diop, Joseph Sarr, and Paulo 

H. Verardi. 2003. Inexpensive vaccines and rapid diagnostic kits tailor-made for the global eradication of 
rinderpest, and technology transfer to Africa and Asia. Dev. Biol. 114:99-111. 

Paulo H. Verardi* and Fatema H. Aziz*, Shabbir Ahmad, Leslie A. Jones, Berhanu Beyene, Rosemary EM. Ngotho, 
Henry M. Wamwayi, Mebratu G. Yesus, Berhe G. Egziabher, and Tilahun D. Yilma. 2002. Long-term Sterilizing 
Immunity to Rinderpest in Cattle Vaccinated with a Recombinant Vaccinia Virus Expressing High Levels of the 
Fusion and Hemagglutinin Glycoproteins. Journal of Virology. 76 (2): 484-91. *Co-authors. 

Paulo H. Verardi, Leslie A. Jones, Fatema H. Aziz, Shabbir Ahmad, and Tilahun D. Yilma. 2001. Vaccinia Virus 
Vectors with an Inactivated Gamma Interferon Receptor Homolog Gene (B8R) are Attenuated In Vivo without 
a Concomitant Reduction in Immunogenicity. Journal of Virology. 75 (1): 11-18. 

Vipin Kumar, Fatema Aziz, Eli Sercarz, and Alexander Miller. 1997. Regulatory T Cells Specific for the Same 
Framework 3 Region of the VB8.2 Chain Are Involved in the Control of Collagen ll-induced Arthritis and 
Experimental Autoimmune Encephalomyelitis. Journal of Experimental Medicine. 185 (10): 1725-1733. 

RESEARCH SUBMITTED AND IN PREPARATION 



Fatema A. Legrand, Paulo Verardi, Kenneth S. Chan, Yue Peng, and Tilahun D. Yiima. lnterleukin-18: an 
Adjuvant and an Attenuating Agent. Journal of Virology. Submitted. 
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Fatema A. Legrand, Kimberly A. Jordan, Christopher P. Loo, Michael G. Rosenberg, Andrew A. Wiznia, and 
Douglas F. Nixon. Divergent Immune Responses in HIV-1 Vertically infected Monozygotic Twins. Journal of 
Clinical Investigations. In preparation. 

Becky Schweighardt, Fatema A. Legrand, Duncan A. Meiklejohn, Ann Erickson, Gerald Spotts, Brinda Emu, 
Douglas F. Nixon, Frederick M. Hecht. The Development of Immune Escape Mutations with Immunodominant 
Gag Epitopes is Associated with Increased Viral Replication During Structured Treatment Interruption. Journal 
of Virology. In preparation. 

Paulo H. Verardi, Fatema A. Legrand, Leslie A. Jones, Shabbir Ahmad, and Tilahun D. Yilma. Replacement of the 
IFN-y receptor homolog gene of vaccinia virus with the IFN-y gene enhances safety without compromising 
humoral immune responses. Journal of Virology. In preparation. 

LIMITED DISTRIBUTION PUBLICATIONS 

Tilahun D. Yilma, Fatema H. Aziz, Shabbir Ahmad, Leslie A. Jones, Rosemary N. Ngotho, Henry M. Wamwayi, 
Berhanu Beyene, Mebratu G. Yesus, Berhe G. Egziabher, Mariam Diop, Joseph. Sarr, and Paulo 

H. Verardi. 2002. Global eradication of rinderpest with recombinant vaccines and rapid diagnostic kits 
produced in Africa under the auspices of AU/IBAR. The Global Rinderpest Eradication Programme Technical 
Consultation 2002, Rome, Italy, September 30-October 4, 2002. 

Tilahun D. Yilma., Shabbir Ahmad, Paulo H. Verardi, Fatema H. Aziz, Mariam Diop, Leslie A. Jones, Z. Ma, Berhe 
G. Egziabher, Mebratu G. Yesus, Henry M. Wamwayi, and Joseph. Sarr. A strategy for a successful end to the 
perpetual rinderpest eradication program: recombinant vaccines and diagnostic kits for rinderpest. In M. 
Jeggo (Ed.), Proceedings of the Third Research Co-ordination Meeting of the Co-ordinated Research Project on 
"Rinderpest seromonitoring and surveillance in Africa using immunoassay technologies". 
UN-iFAO/lnternational Atomic Energy Agency, Vienna, Austria, October 16-20, 2000. 

HONORS/DISTINCTIONS/FELLOWSHIPS 

University of California President's Postdoctoral Fellowship 2004-2006 National Institutes of Health Loan 
Repayment Postdoctoral Fellowship 2004-2006 

Graduated-Summa Cum Laude, University of California, Davis, 2001 University of California, Davis Biotech 
Program Fellowship 1999-2000, 2000-2001 Floyd and Mary Schwall Fellowship-University of California, Davis, 
1997-2001 Peter J. Shields Fellowship-University of California, Davis, 1997, 1998, 1999 Jastro Shields 
Fellowship-University of California, Davis, 1998, 1999, 2000 USDA Formula Funds-University of California, 
Davis (1999, 2000, 2001) 

Graduated Top of Class, Summa Cum Laude, Harvard University, 1998 Thomas Small Prize-To Top Student in 
the Graduating Class, Harvard University, 1998 Deans List-Harvard University, Fall and Spring semesters, 1996, 
1997 
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Dean's List-University of California, Los Angeles, 1992, 1993, 1994 Honors thesis-Collagen-Induced Murine 
Arthritis-University of California, Los Angeles, 1994 

TEACHING EXPERIENCE 

Teaching Assistant-1998, 2000 Lectured, demonstrated new techniques, and assisted students in a veterinary 
virology laboratory class. Dr. Tiiahun D. Yilma, Department of Veterinary Pathology, Microbiology and 
Immunology 

ACADEMIC SERVICE 

Gladstone's Minority and Youth Outreach Program-Mentor, University of California, San Francisco/Gladstone 
Institutes, 2005-2006 Expand Your Horizon's Program-Mentor-inspiring teenage girls to pursue science, 
University of California, Davis, 2000 Graduate Student Association-Graduate Student Representative for the 
Comparative Pathology Graduate Group, University of California, Davis (1997-1998) National Science 
Foundation High School Student Summer Program-Mentor, University of California, Davis, 1998 UCLA 
Undergraduate Science Journal-Associate Editor, University of California Los Angeles (1994-1995) 

REFERENCES 



Available upon request. 
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EXHIBIT 3 



ELSEVIER 



HLAMatchmaker: A Molecularly 
Based Algorithm for 
Histocompatibility Determination. 
I. Description of the Algorithm 



Rene J. Duquesnoy 



ABSTRACT: This report describes an algorithm For 
identifying acceptable HLA antigens for highly alloim- 
munized patients without the need for extensive scrum 
screening. This algorithm is based on the concept that 
immunogenic epitopes are represented by amino acid 
triplets on exposed parts of protein sequences of human 
leukocyte antigen chains (HLA- A, HLA-B, and HLA-C) 
accessible to alloantibodies. A computer program (HLA- 
Matchmaker) has been developed to determine class I 
HLA compatibility at the molecular level. It makes in- 
tralocus and interlocus comparisons of polymorphic trip- 
lets in sequence positions to determine the spectrum of 
non-shared triplets on donor HLA antigens. In most cases 
is it possible to identify certain mismatched HLA anti- 
gens that share all their polymorphic triplets with the 
patient's HLA antigens and could therefore, be considered 
fully compatible. HLAMatchmaker permits also the iden- 



tification of additional mismatches that are acceptable as 
determined from the triplet information on HLA-typed 
panel cells that do not react with patient's serum. 

HLAMatchmaker provides an assessment of donor- 
recipient HLA compatibility at the structural level and 
this algorithm is different from conventional methods 
based on the mere counting of numbers of mismatched 
HLA antigens or CREGs. This donor selection strategy is 
suitable especially for allosensitized patients in need of a 
compatible transplant or platelet transfusion. Human 
Immunology 63, 339—352 (2002). © American Society for 
Histocompatibility and Immunogenerics, 2002. Pub- 
lished by Elsevier Science Inc. 

KEYWORDS: histocompatibility; HLAMatchmaker; 
triplet; PRA; highly sensitized patients 



INTRODUCTION 

Transplant candidates are generally considered highly 
alloimmunized if their serum panel reactive antibody 
(PRA) activity exceeds 85%. Such patients can be suc- 
cessfully transplanted provided that the donor has no 
mismatched human leukocyte antigens (HLA) that react 
with the patient's alloantibodies. Serum screening 
against HLA-typed panels must be done to determine 
the overall antibody specificity spectrum so that unac- 
ceptable HLA antigen mismatches can be avoided. Many 
screening protocols are based on complement-dependent 
lymphocytoxicity determined by direct testing, such as 
the NIH standard and Amos modified tests [1—3], and 
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by the more sensitive anti-human globulin (AHG) aug- 
mentation technique [4 — 6} . Newer methodologies for 
serum screening include enzymeimmunoabsorbent assays 
(ELISA) {7-10] and flow cytometric analysis [11-133. 

Most clinical laboratories screen sera against HLA- 
typed panels ranging generally from 30 to 60 in size. 
Serum reactivity patterns are analyzed by 2X2 table 
statistics, such as the Chi-square test, to determine sig- 
nificant correlations between positive reactions and the 
specificity of HLA antigens in the panel. Besides the 
WHO-designated HLA antigens, correlations have been 
determined for public epitopes assigned from so-called 
cross-reacting groups (CREGs) of HLA antigens [14- 
21], and for amino acid polymorphisms defined from 
sequence information of HLA molecules [22—24]. Sig- 
nificant correlations provide an assessment of the alloan- 
tibody specificity patterns of sera and this information 
permits a determination whether mismatched HLA an- 
tigens of a potential donor might be acceptable or un- 
acceptable to the patient. 

019S-8S59/02/$-scc front matter 
Pll S01pS-885SK02)00382-8 
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This approach works generally quite well if the pa- 
tient's serum is not overly reactive and its PR A is 
<80%. However, the 2X2 table statistics becomes un- 
reliable for highly reactive sera. For instance, a serum 
with a 96% PRA against a 50-cell panel, manifests 
negative reactions with only two panel cells. Tfiis num- 
ber is too small for meaningful interpretations of Chi- 
square statistics, especially if the serum has two or more 
HLA-antibody specificities. This problem might be 
overcome by screening high PRA sera against large cell 
panels [17, 24], and/or perform absorption/elution stud- 
ies with selected ceils and then rescreen the absorbed sera 
and the eluates {25-28], However, such methods for 
alloantibody identification are very labor intensive, and 
they require considerable resources not readily available 
in a clinical laboratory setting. Often enough, many 
highly sensitized patients remain on the waiting list with 
little prospect of a transplant because no information is 
available about acceptable HLA mismatches and the 
probability of finding a zero antigen mismatch is very 

Another method for analyzing screening results fo- 
cuses on the identification of acceptable antigen mis- 
matches expressed by panel cells that give negative re- 
actions with patient's serum [29-31]. It can also be 
applied to patients with extremely reactive sera {i.e., 
100% PRA by routine panel screening) if panel cells are 
used that are selectively mismatched for a single HLA 
antigen. The acceptable mismatch approach works gen- 
erally quite well for parients with common HLA anti- 
gens in their phenotypes, but it requires access to a very 
large pool of HLA typed panel cell donors. 

This report describes an alternative strategy for iden- 
tifying potential donors for highly sensitized patients. 
HLAMatchmaker is a computer-based algorithm that 
focuses on the structural basis of HLA class I polymor- 
phisms so that compatible HLA mismatches can be 
determined for each patient without the need for exten- 
sive serum screening. 

HLAMatchmaker considers amino acid sequence poly- 
morphisms as critical components of immunogenic 
epitopes that can elicit alloantibodies. Such amino acids 
reside in sequence positions accessible to alloantibodies, 
namely the a-helices and (3-ioops (also referred to as 
(3-bulges or (3-turns between the secondary structures) of 
the protein chain structure. Each HLA molecule ex- 
presses on its surface multiple amino acid defined anti- 
genic determinants recognized by distinct alloantibodies 
[18, 22, 25, 32-46]. The residues in the strands of the 
(J-pleated sheets of the peptide-binding groove are ex- 
cluded from this matching algorithm because they can- 
not make direct contact with alloantibodies. 

This HLA matching algorithm is based on compari- 
sons of linear sequences of amino acid triplets as motifs 



fot potentially immunogenic epitopes. Each HLA anti- 
gen represents a distinct string of polymorphic triplets 
and an HLA mismatch is assessed by determining rhe 
number of triplets not shared with the recipient's HLA 
antigens. This report describes the logistics of HLA- 
Matchmaker and how this algorithm permits the iden- 
tification of HLA-compatible donors for highly sensi- 
tized patients without the need for extensive serum 
screening. 



METHODS AND RESULTS 
Amino Acid Triplet Polymorphisms of 
Antibody- Accessible Sites of HLA Class 
I Molecules 

The assignment of antibody-accessible positions is based 
on the detailed descriptions of the crystalline structure of 
various HLA class I molecules (HLA-A2, -A68, and 
-B27) [47-50], The definition of the repertoire of trip- 
lets considers published amino acid sequences of serolog- 
ically defined HLA antigens <see the IMGT/HLA' data- 
base at http://www.anthonynolan.com/HIG/index.html). 

Table 1 represents the total repertoire of polymorphic 
triplets in the antibody-accessible positions of amino acid 
sequences of serologically defined HLA- A, HLA-B, and 
HLA-C antigens. This list resulted from a comparative 
analysis of the amino acid sequences of molecular equiv- 
alents of serologically defined HLA antigens. Each triplet 
is designated by its amino acid composition around a 
given position in the amino acid sequence. Amino acid 
residues are marked with the standard letter code; an 
uppercase letter corresponds to the residue in the num- 
bered position, whereas the lowercase letters describe the 
nearest neighboring residues. For instance, the triplet 
a65rNm represents an asparagine residue (N) in position 
65 with arginine (r) in position 64 and methionine (m) 
in position 66 of the HLA-A chain. Many triplets are 
marked with one or two residues because their neighbor- 
ing residues are the same on ail HLA class I chains and, 
therefore, they are not listed. For instance, bl2aM rep- 
resents an alanine residue in position 11 and a methio- 
nine residue in position 12 on HLA-B chains. The triplet 
b4lT has a threonine in position 41 and the two neigh- 
boring monomorphic residues are not listed. 

Most polymorphic triplets reside in the membrane- 
terminal oil (positions 1—90) and a 2 (positions 91—182) 
domains of the HLA chains. The locations of the triplets 
on the a helices and the fi loops of the molecular 
structure are described according to the helix (HI, H2, 
etc.), strand (SI, S2, etc.), and loop (SI ->S2, S2 ~>S3, 
etc.) annotations as previously reported [48]. On each 
domain, a very short nearly vertical helix (HI) precedes 
a long curved (H2 in ctl) or kinked (H2a, H2b, and H3 
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Triplets iu underlined bold font ate uniquely ptcsent on one (or two) HLA antigens; triplets in bold font (not underlined) are found on groups of three or more 
cross-reacting antigens within the same locus; triplets marked by a superscript (°) are polymorphic ar one lotus but monnmorpliic at another locus; triplets marked 
by an asterisk (*) are polymorphic at two or three loci. 

A*0101 A*020i A*OJ01 A*l iOl A*2301 A*2402 A*2501 A V *2601 A*2902 A*J001 A*310I A*3201 A*3301 A*3402 A*3601 A*4301 A*6601 A*6S01 
A*6901 A*7401 A*800! B*0702 D*0S01 B*1302 B*180I B*2705 B*3501 B*3701 B*330) 11*3906 B*4101 B*4201 B*4402 B*4501 B*4601 B*4701 
B*4801 B*4901 B*5001 R*5101 B*5201 B*5301 B*5401 B*5501 B*5601 B*5701 B*580I B*5901 B*4001 (B60) B*4002 (B61) 0*1501 (B62)B*I516 
(B63) B*1401 (B64) B*1402 (B65> B*6701 B*1509 <B70) B*1510 (B71) B*1503 (B72) B*7301 B*bl 502 (B75) 0*1511 (B76) B*1513 (B77) B*7801 B*8101 
B*8201 Cw*0102 Cw*0202 Cw*03O2 Cw*0'S01 Cw*0501 C: w *fhS02 Cw*0701 Cw*0801. Note these alleles were selected because of their relatively high 
frequencies in our local population; they are used in the triplet marching examples described in rhis article. Although other alleles might be more frequent in 
different populations, they have the same triplets as rhose shown in rhis rable. 



in a2) helix. As depicted in Table 1, triplet polymor- 
phisms can be found in 8 locations of the al helix (al 72 
2) and 12 locations in the a2 helix (od2Hl, a2H2a, 
a2H2b and ct2H3). 

There are four p-loops in the otl domain and the 
polymorphic triplets are defined within the following 
sequences: alSl ^S2 (residues 9 — 21), etlS2 — »S3 



(28-31), alS3-^S4 (37-46), and otlS4->Hl (47- 
50). Similarly, the u2 domains have four P-loops: ct2 
SI ->S2 (residues 103-109), ol2 S2^>S3 (118-121), 
ct2 S3->S4 (126-133), and a2 S4->H1 (135-138). 
The al S2 S3 and u2 S2 ->S3 loops extend below 
the p-sheets and interact with the a3 domain and the 
fi 2 -microglobulin part of the HLA molecule, respec- 
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tively. These pVloops do not exhibit any triplet polymor- 
phisms and they seem inaccessible to antibodies. The 
remaining P-loops extend above the p-sheet and pack 
against the outer faces of the Oi-helices and all appear to 
be antibody accessible. The otlH2 a2Sl loop between 
the oil and al domains (residues 84-94) forms a flat 
open structure on the top surface of HLA adjacent to the 
antigen-binding cleft. Triplet polymorphisms can be 
found in a total of 12 locations of the pVloops of the al 
and «2 domains and the interdomain loop. 

The o;3 domain of the HLA molecule has a fold, like 
an immunoglobulin constant domain and its seven 
pVstrands reveal considerable structural homologies with 
(^-microglobulin and the CH3 domain of IgG [48]. 
There are six loops between the [3-strands. The oi3 do- 
main is generally much less polymorphic than the al 
and ct2 domains and triplet polymorphisms may be 
found in two locations of the (3 -loops (a3Sl — >S2 and 
a3S5 — > S6). The loop between the a2 and a3 domains 
has two locations where rriplet polymorphism may oc- 
cur. 

Are there other polymorphic locations in the a3- 
domain that might be accessible to antibodies? The 
ot3-domain can bind to the T-cell accessory molecule 
CDS and the contact region involves the a3S3 -» S4 
fl-Ioop {residues 224-228) and other residues near posi- 
tion 245 in the |3-strand a3S5 {51, 52]. This part of the 
a3-domain may also serve as a contact region for immu- 
noglobulin variable domains {48] and, therefore, might 
be accessible to antibodies. Whereas the a3S3 — >S4 
3-loop is highly conserved, the p-strand ct3S5 has two 
locations where triplet polymorphisms may occur. 

A total of 142 different polymorphic triplets have 
been designated to the serologically defined HLA-A, -B, 
and -C antigens (Table 1). Triplet polymorphisms occur 
at 30 locations on HLA-A chains, 27 locations on 
HLA-B chains, and 19 locations on HLA-C chains. The 
polymorphic triplets have been categorized into four 
groups according the potential of being recognized as 
non-self or self when the patient is exposed to an HLA 
mismatch. The first group consists of triplets that are 
present on one or two HLA antigens. They are depicted 
in bold underlined font in Table 1. Several private HLA 
antigens can be distinguished by unique triplets. For 
instance, al63dT is found only on HLA-A 3 molecules 
and a monospecific antibody to HLA-A3 seems to react 
with an al63dT-based epitope. Other HLA antigens 
have unique triplets and their serologic splits can be 
distinguished with other triplets. For instance, HLA- 
B16 has a unique bl58T triplet and its splits HLA-B38 
and HLA-B39 can be distinguished by triplets b80rla 
and b82aLr versus b80rNl and b821Rg, respectively. 
These triplets correspond to the Bw4 and Bw6 epitopes. 



Some HLA antigens have two or more unique triplets in 
their sequence. For instance, HLA-A30 has two unique 
triplets: al7S and al51aRw, and it seems possible that 
HLA-A30 specific antibodies recognize two structurally 
distinct epitopes. The uncommon antigen HLA-A80 has 
five unique triplets and HLA-Cw7 has four unique trip- 
lets. It should be noted that many private HLA-A and 
HLA-B antigens do not have corresponding unique trip- 
lets in the antibody-accessible sites of their sequence. 

Several triplets can be uniquely found on pairs of HLA 
antigens. Examples are a56R on HLA-A30+A31 and 
a76Es on HLA-A25+A32. The serologic cross-reactivity 
of these antigen pairs is well-known and it seems likely 
that these triplets are critical components of the anti- 
genic epitopes recognized by cross-reacting antibodies. 

The second group consists of polymorphic triplets 
that are shared between three or more HLA antigens 
encoded by the same class I locus; they are depicted in 
bold font in Table I. Several of them seem to correspond 
with public epitopes or CREGs. For instance, the mem- 
bers of the CREG HLA-A2, HLA-A23, HLA-A24, 
HLA-A68, and HLA-A69 antigens share al27K, which 
may represent a distinct public epitope recognized by 
alloantibodies in sensitized patients. Similarly, the 
CREG HLA-B7, HLA-B40, and HLA-B48 antigens 
have a distinct bl77Dk triplet. 

The third group consists of triplets that are polymor- 
phic for one class I locus but monomorphic for another 
class I locus; they are marked with a ° symbol in Table 1 . 
Such triplets cannot represent immunogenic epitopes 
because they are always present on the patient's own 
HLA antigens. For instance, the a56G polymorphic trip- 
let is found on all HLA-A molecules except HEA-A30 
and HLA-A31, but the corresponding triplet at position 
56 on HLA-B (b56G) or HLA-C (c56G) is monomor- 
phic. This means that a56G is always a self-triplet and, 
therefore, cannot be immunogenic. Similarly, bl2sV is 
polymorphic for HLA-B but this triplet cannot be im- 
munogenic because all patients have the monomorphic 
al 2sV triplet on their HLA-A molecules. 

The fourth group of triplets are polymorphic for two 
(or all three loci) and they are marked with a * symbol in 
Table 1. Several of them represent well-known interlocus 
public epitopes. For instance, HLA-A2 and HLA-B 17 
share a public epitope {53, 54] that corresponds to the 
Ge triplet in position 62. This triplet is called a62Ge on 
HLA-A2 and b62Ge on HLA-B 17 chains and monoclo- 
nal antibodies specific for HLA-A2+B17 recognize an 
epitope that corresponds to 62Ge [55]. Another example 
is the interlocus public epitope shared between the Bw4 
group of HLA-B antigens and the A locus antigens 
HLA-A23, HLA-A24, HLA-A25, and HLA-A 3 2 {56, 
57]. This epitope corresponds to sequences marked by 
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Triplet polymorphisms 


HLA-A 


1ILA-B 


HLA-C 


unique triplets 


1. Triplets on one or two HLA antigens encoded by the same locus 


25 




8 


44 


2. Triplets shared between three or more IILA antigens encoded by the sa 


ne locus 24 


24 


8 


56 


3. Polymorphic triplets that are monnmorphic for another locus (loci) 


17 


17 


7 


29 


4. Polymorphic triplets that are also polymorphic for another class I locus 


21 


28 


20 


33 


Total number of triplets: 


87 


80 


42 


142 



Abbreviation: HLA = human leukocyte antigen. 



the 76En, 80ria, and 82aLr triplets. The HLAMatch- 
maker algorithm includes interlocus comparisons be- 
tween polymorphic triplets at the different HLA loci to 
determine whether a triplet on a mismatched HLA mol- 
ecule must be considered as non-self. For instance, pa- 
tients who type for HLA-B17 should not recognize a62G 
on an HLA-A2 mismatch as non-self because HLA-B17 
molecules carry the same triplet b62G in the same se- 
quence position as a62G. 

Table 2 illustrates an enumeration of the four groups 
of polymorphic triplets on HLA-A, HLA-B, and HLA-C 
molecules. In the overall repertoire of 142 polymorphic 
triplets, a total of 29 triplets (group 3) cannot be con- 
sidered as immunogenic, whereas the remaining 113 
triplets may have immunogenic potential. An accompa- 
nying article addresses the relative immunogenicity of 
polymorphic triplets on class I HLA molecules [58]. 

Determination of HLA Class I Compatibility at the 
Amino Acid Triplet Level 

HLAMatchmaker applies two principles: (1) each HLA 
antigen represents a distinct string of polymorphic trip- 
lets as potential immunogens that can induce specific 
alloantibodies; and (2) sensitized patients do not have 
alloantibotlies against triplets present on their own HLA 
molecules. The algorithm assesses donor-recipient com- 
patibility through intralocus and interlocus comparisons, 

FIGURE 1 Example of human leukocyte antigen (HLA) 
matching at the triplet level. 



and determines what triplets on mismatched HLA mol- 
ecules are different or shared between donor and patient. 
This analysis considers each donor HLA antigen mis- 
match towards the entire HLA-A, HLA-B, HLA-C phe- 
notype of the recipient. 

As an example, a mismatch between HLA-B18 (do- 
nor) and HLA-B 7 (recipient) can be characterized by 
triplet differences in 12 sequence positions: 9, 45, 66, 
70, 74, 131, 151, 156, 163, 171, 177, and 180 (Figure 
la). The structural nature of an HLA mismatch is greatly 
influenced by the recipient's own HLA antigens. For 
instance, an HLA-B 18 mismatch for HLA-B 3 7 repre- 
sents triplet differences in six sequence positions: 62, 76, 
80, 82, 156, and 171, and this triplet mismatch pattern 
is very different than that seen for HLA-B 7 (Figure lb). 
For a recipient with the HLA-B7,B37 phenotype, a 
HLA-B18 mismatch would represent only two triplets, 
bl56L and bl71H, whereas ah the other triplets of 
HLA-B 18 are shared with HLA-B 7 and/or HLA-B 3 7 
(Figure lc). This approach of intralocus triplet sharing is 
similar to the concept of CREG (or public epitope) 
matching except that this algorithm considers HLA 
compatibility in more precise structural detail. 

Of course each patient types for HLA-A (and HLA-C) 
antigens, and HLAMatchmaker incorporates interlocus 
comparisons of triplet sharing. In this example, the 
HLA-B7,B37 recipient types also as HLA-A33. Figure 
Id reveals that HLA-A33 has the same two triplets, 
156L and 171H, in identical positions as the two triplets 
of HLA-B 1 8 that are different from HLA-B7.37. This 
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TABLE 3 Examples of zero-, one-, and two-triplet mismatches for different HLA phenotypes 



One-triplet 

HLA type of patient* Zero-triplet mismatch mismatch Two-triplet mismatch 





A2.A30; B42.B53; Cw4,Cw7 


A69, B8, B35, B55.B56, B59 


B51 (bl71H) 
B54 (M5Gev) 
B67 (bl 58T) 
B70 (b(5<5qic) 
B7I <b66qfc) 
B72 (b(56qlc) 
B78 (bl71H) 


A68(al56W,a24<?Va) 
A32 (al07Grl,a246S) 
A74 (al07Grl,a246S> 
B7 (bl63E,bl77Dk) 
B38(b66qIc,bl58T) 
B39(b66qIc,bl58T) 
B46 (b45Ma,bl56W) 
B52(b66qIs,bl71H) 
B58 (b66rNm,b70aSa) 
B64(b66qIc,bl71H> 
B65 (b66qIc,bi7lH) 
B75 (b45Ma,b66qIs) 
B7(5(b45Mii,bL56W) 
B77 (b45Ma,b66qIs) 
B78(bl51aRe,bl71H) 
B82 (bl63dL,bl66E 5 ) 


Case 2 


A2.A30; BS,B42; Cw7,- 


A69 


None 


A68(al56W,a246Va) 
A74(al()7Grl/.i246S) 
B54 <b45Gcf,bl31S) 
B55 (bl31S,bl51aRe) 
B56(bl31S,bi63L), 
B67 (bl31S,bl5ST) 




A2.A30; B53,B60; Cw3,Cw5 


A69, B35, B49, B50, B6l 


B18 (bl71H) 
B48 (b45Ee) 
B51 (bl71II) 
B52 (b!71H) 
B59 (b45Ee) 
B72 (b45Ee) 
B75 (b45Ma) 
B77 (b45Ma) 
B7S <bl71H) 


A32 (al07Grl,246S) 
A68(aI56W,a246Va) 
A74 (al07Gil,a246S) 
B4l (bl56D,B177Dt) 
B45 (bl56D,bl66Es) 
B46(b45Ma,bl56W) 
B58 (b66rNo,b70aSa) 
B62 (b45Ma,bl56W) 
B70 (b45Ee,b66qlc) 
B7 1 (b45Ee,b66 q Ic) 


Case 4 


A3,AU; B8,-;Cw2,- 






B42 <b66qIy,b70aQa) 


Case 5 


A2,-;B35,-;Cw4,CW8 




B78 (bl71H) 


A69 {a66rNv,a70aQs) 



means that all polymorphic triplets of HLA-B18 can be 
found on one or more of the recipient's HLA-A33, HLA- 
B7, and HLA-B37 antigens. Thus, HLA-B18 must be 
fully histocompatible to the HLA-A33.X; B7,B37 phe- 
notypc, at least from the perspective of antibody-acces- 
sible triplets (X can be any A locus antigen). 

Tabic 3 lists five examples of HLA matching at the 
triplet level; these cases have been selected to illustrate 
how the HLA phenotype of the patient can influence the 
number of HLA antigens with zero or few triplet mis- 
matches. Case 1 deals with the HLA-A2,A30; B42,B53; 
Cw4,Cw7 phenotype that has several antigens that are 
more common to African- Americans. Six HLA -A, 
HLA-B antigens are zero-triplet mismatches, namely the 
cross-reactive HLA-A69, HLA-B35, HLA-B55, and 
HLA-B 56 as well as HLA-B8 and HLA-B59, which are 
generally not considered to be crossreactive with any 



antigen in this phenotype. Seven HLA antigens are one- 
triplet mismatches and 1 5 HLA antigens are two-triplet 
mismatches (Table 3) and many of them, but not ali (e.g., 
HLA-B38 and B39), crossreact with patient HLA anti- 
gens. 

Case 2 illustrates another example: the HLA-A2,A30; 
B8,B42; Cw7, phenotype differs from Case 1 by only one 
antigen, HLA-B8 (this antigen is a zero-triplet mismatch 
fot Case 1), and is negative for HLA-Cw4. Only one HLA 
antigen (HLA-A69) is a zero-triplet mismatch for Case 2. 
None are one-triplet mismatches and only six HLA an- 
tigens (A68, A74, B54, B55, B56, and B67) are two- 
triplet mismatches (Table 3). Although the HLA phe- 
notypes of Case 1 and Case 2 are very similar, the 
numbers of HLA antigens with zero or few triplet mis- 
matches are very different. 

Case 3 types as HLA-A2.A30; B53.B60; Cw3,Cw5 } 
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and the HLA-A,B phenotype is different from Case 1 in 
that it has HLA-B60 instead of HLA-B42 (both antigens 
are members of the B7 CREG). Five HLA antigens are 
fully matched at the triplet level, nine HLA antigens are 
one-triplet mismatches, and ten HLA antigens are two- 
triplet mismatches (Table 3). This group of zero and few 
triplet mismatches has different HLA antigens than seen 
for Case 1. For instance, HLA-B49 and HLA-B50 are 
members of the B5 CREG that includes HLA-B53- 
These antigens are zero-triplet mismatches for HLA- 
A2,A30; B53.B60; Cw3,Cw4 (Case 3), but for HLA- 
A2,A30; B42,B53; C\v4,Cw7 (Case 1) they have four 
mismatched triplets: b9H, b4lT, b45Ke, and b66qlc. 
One the other hand, the crossreactive HLA-B 51 is a 
one-triplet mismatch for both cases. Thus, depending on 
the HLA phenotype of the patient, HLA mismatching 
within crossreactive groups may indicate considerable 
differences at the triplet level. 

For certain HLA phenotypes it is impossible to iden- 
tify zero-triplet mismatched HLA antigens. Two exam- 
pies are HLA-A3,A11; B8,-; Cw2,- (Case 4), for which 
the most compatible HLA-B42 is a two-triplet mismatch 
and A2,-; B35,-; Cw4,Cw8 for which the best match is 
the one-ttiplet mismatched HLA-B78. Homozygosity 
for the HLA- A and HLA-B loci reduces the numbers of 
HLA antigens with zero or few triplet mismatches. 

The examples in Table 3 illustrate how HLAMatch- 
maker can be used in the search of compatible donors for 
highly sensitized patients. The HLA phenotypes of such 
donors could constitute a combination of HLA antigens 
from the patient and other HLA antigens that are zero- 
triplet mismatches. For instance, an HLA-A30,A69; 
B8,B35 donor would be considered, by conventional 
criteria, a three-A,B antigen mismatch for an HLA- 
A2,A30; B42,B53; Cw4,Cw7 recipient (Case 1) but by 
this matching algorithm this phenotype would have no 
mismatched triplets and therefore, might be compatible 
at the HLA-A HLA-B loci. 

Considering the numbers and frequencies of HLA 
antigens with zero-triplet mismatches, the chances of 
finding a histocompatible donor seem better for Cases 1 
and 3 than for Cases 2, 4, and 5. Therefore, many donor 
searches may have to consider additional HLA antigens, 
preferably those with one or few triplet mismatches. 

The proper selection of a triplet mismatch depends on 
the antibody specificity repertoire of the sensitized pa- 
tient. Table 3 illustrates what triplets are involved in the 
one-triplet and two-triplet HLA antigen mismatches. 
For instance, in Case 1, the one-triplet mismatched an- 
tigens HLA-B 51 and HLA-B 7 8 involve the same triplet 
(bl71H), whereas HLA-B70 and HLA-B71 are mis- 
matched for b66qlc. HLA-B64 and HLA-B65 are mis- 
marched for b66qlc and bl71H, and HLA- B38 and 



HLA-B 39 are mismatched for b66qlc and b1.58T. A 
determination of antibody specificity to polymorphic 
triplets may identify unacceptable HLA antigens for a 
given patient. For instance, in Case 1, the presence of an 
antibody to b66qlc would render the one-triplet mis- 
matches HLA-B 70 and HLA-B71 and the two-triplet 
mismatches HLA-B38, HLA-B 39, HLA-B 64, HLA-B65 
as unacceptable for rhis patient. An antibody to bl71H 
would rule out HLA-B51, HLA-B64, HLA-B 65, and 
HLA-B78 as potential donor antigens for Case 1. In a 
clinical setting ir is generally not feasible, however, to 
perform a detailed analysis of antibody specificity pat- 
terns of high PRA sera. 

Identification of Acceptable HLA Mismatches for 
High PRA Patients 

Nevertheless, there is an additional approach to identify 
acceptable HLA antigen mismatches for high PRA pa- 
tients. It considers the HLA types of panel cells that give 
negative reactions with the patient's serum. Such nega- 
tive panel cells can be expected to share HLA antigens 
with the patient, whereas other HLA anrigens may con- 
rain mismatched triplets that are apparently not recog- 
nized by the patient's antibodies. Such triplets would be 
acceptable even if they are present on other HLA anti- 
gens not expressed on the negative panel cells. 

Case 6 represents a patient for whom it is difficult to 
identify HLA antigens with a zero-triplet mismatch. 
This patient has a 96% PRA with a 50-cell panel and he 
types as HLA-A3,A29; B18,B47; Cw7,-. The following 
HLAMatchmaker analysis yields information about HLA 
antigens with zero- to five- triplet mismatches: 
Zero: B6l 
One: B37 
Two: A74 B50 

Three: All A31 A33 A34 A66 B27 B35 B39 B4l B45 
B54 B60 B65 B72 B75 

Four: A26 A30 A32 A43 B48 B55 B56 B62 B67 B70 
B71 B73 B78 

Five: A69 B8 B13 B46 B49 B59 B76 

Because only HLA-B61 is a zero-triplet mismatch and 
HLA-B37 is a one-triplet mismatch, it would be difficult 
to find a compatible donor for this patient. However, the 
PRA information may permit the identification of addi- 
tional HLA antigens with acceptable triplet mismatches. 
This patient's serum had a 96% PRA with a 50-cell 
panel and consistently negative reactions were seen with 
two panel cells with the following HLA types: A3.A33; 
B27JB64; Cwl,Cw8 and A3.A29; B44.B64; Cw7,-. If a 
high PRA was due to HLA-specific antibodies, one could 
expect that the negative panel cells would share some 
HLA antigens with the patient and this was apparently 
the case fot this patient. The other HLA antigens on the 
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TABLE 4 


Numbers of triplet misma 


tches for HLA-C antigens 








HLA type of patient 


Cwl 


Cw2 


Cw3 


Cw4 Cw5 


Cw6 Cw7 CwS 




A2,A30; B42.B53; Cw4,C\v7 


1 


3 






1 2 


Case 2 


A2,A30; BS,B42; Cw7,- 


6 


9 


5 


S 9 


7 — 5 




A2.A30; B53,B60; Cw3,Cw5 


1 


2 




3 — 


4 8 1 


Case 4 


A3.A11; B8,-;Cw2,- 


3 




2 


4 3 


1 S 3 




A2,-; B35,-; Cw4,CwS 


1 


3 


0 


— 1 


2 7 — 




A3,A29; B18,B47; Cw7,- 


6 




5 


9 9 


7 — 5 


The triples sel 




oloBicnliy defined HLA ant 




jncling to: Cw*0102,Cw 


0202, Cw*0302, Cw*0401, Cw*050!, 


Cw*0602, Cw 


0701, Cw*0801. q 













negative panel cells, in this case HLA-A33, HLA-B27, 
HLA-B44, and HLA-B64, carry unshared triplets but 
none of them were apparently recognized by the patient's 
antibodies. This information can be incorporated in the 
HLAMatchmaker analysis, which yields a new set of 
HLA antigens with zero/acceptable and few triplet mis- 
Zero/ Acceptable: A33 B27 B3_I B44 Ml E50 B61 B64 
B65 B70 B71 B72 
One: A31 A74 B39 B49 B73 B75 
Two: A32 B13 B35 B38 B41 B52 B55 B56 B59 B62 
B77 B78 

Three: All A26 A34 A43 A66 B8 B46 B48 B51 B53 
B54 B60 B67 B76 B82 
Four: A25 A30 B42 B63 
Five: A69 B7 B57 B58 B81 

As expected, HLA-A33, HLA-B27, HLA-B44, and 
HLA-B64 are now listed as zero/acceptable triplet mis- 
matches (they are in italic font) because this patient had 
no antibodies against any triplet on these antigens. HLA- 
Matchmaker identified seven additional HLA antigens 
(they are in bold and underlined) that became acceptable 
mismatches because their triplets were not recognized by 
patient's antibodies. Five HLA antigens became one- 
triplet mismatches for this patient. With this expanded 
list of HLA antigens with zero-triplet mismatches, a 
compatible donor might more readily found for this 
patient. 

HLA mismatch acceptability may also be assessed 
with information about the immunogenicity of polymor- 
phic triplets. During recent years, the concept has 
emerged that highly sensitized patients produce a lim- 
ited repertoire of alloantibodies specific for the more 
common private and public HLA epitopes [17, 19, 24]. 
Although most highly sensitized patients have been ex- 
posed to many mismatched triplets, their antibody reac- 
tivity patterns reveal specificity to a relatively small 
number of immunogenic Triplets, whereas other triplets 
do not induce an antibody response and, therefore, must 



be non-immunogenic for the patient. The generation and 
application of information about immunogenicity of 
triplets will be addressed in another report [58]. 

HLA-C Mismatching at the Triplet Level 
The degree of HLA class I histocompatibility generally 
addresses the antigens encoded by the HLA-A and 
HLA-B loci. HLA-C is largely ignored and, from a 
matching perspective, this locus has remained an 
enigma. The serologic polymorphism of HLA-C is poorly 
defined and HLA-C molecules are expressed on the cell 
surface at much lower levels than HLA-A and HLA-B 
molecules [59]- HLA-C antigens appear not very immu- 
nogenic [60] and they do not seem to play a major role 
in the selection of compatible platelet donors for refrac- 
tory thrombocytopenic patients [61]. Molecular typing 
has found that HLA-C alleles are more closely related to 
each other. In particular, the helix of the al domain of 
HLA-C molecules is unusually conserved, whereas the 
a2 domain is similar to that of HLA-B [62], The sero- 
logically defined HLA-C antigens exhibit less amino acid 
polymorphism than HLA-A and HLA-B antigens, and 
this is reflected by the lower numbers of polymorphic 
triplets in fewer positions in the HLA-C sequences 
(Table 1). 

HLAMatchmaker provides an opportunity to assess 
HLA-C antigen compatibility at the triplet level. Table 
4 illustrates the results of six cases described above, 
including the five cases listed in Table 3. The numbers of 
HLA-C triplet mismatches were generally very low for 
combinations involving all HLA-C antigens except 
HLA-Cw7, which has four unique triplets. Incompati- 
bility for HLA-Cw7 involves a higher number of mis- 
matched triplets (6-8 triplets) than incompatibility for 
the other HLA-C antigens (0—3 triplets). Conversely, as 
Case 2 and Case 6 illustrate, the numbers of HLA-C 
triplet mismatches are highest for recipients who are 
homozygous for HLA-Cw7. 

These findings provide some insight why, in many 
cases, HLA-C incompatibility does not seem to play a 



HLAMatcfimaker I. Description of the Algorithm 



347 



major role in humoral HLA-specific alloimmunization. 
Often enough, an incompatible HLA-C antigen repre- 
sents a zero or a few triplet mismatch. The exception is 
HLA-Cw7 (i.e., both HLA-C*0701 and HLA-C*0702) 
for which the polymorphic triplet repertoire is different 
than for the other HLA-C antigens. This information is 
based on serologically defined HLA-C antigens. Molec- 
ular typing for HLA-C will permit a more precise assess- 
ment of HLA-C compatibility at the triplet level. 



DISCUSSION 

HLAMatchmaker is an easy to use computer program 
that determines donor HLA class I acceptability for 
highly sensitized patients, including kidney and heaft 
transplant candidates, and for refractory thrombocytope- 
nic patients requiring HLA-compatible platelet transfu- 
sions. This algorithm permits a determination of the 
structural basis of an HLA antigen mismatch and utilizes 
intralocus and interlocus comparisons of strings of amino 
acid triplets on antibody-accessible sites of HLA class I 
molecules. Considering the large repertoire of polymor- 
phic triplets on class I HLA molecules, the surprising 
finding was made that certain HLA antigens, by conven- 
tional criteria, are mismatched for a given HLA type, but 
turn out to be fully compatible at the triplet level. This 
concept has clinical relevance because HLAMatchmaker 
can identify acceptable HLA mismatches for sensitized 
patients and appears to be useful predictor of a cross- 
match result {63, 64}. Moreover, recent studies have 
reported that in cadaver kidney transplantation, the zero- 
HLA-DR mismatched allografts with HLA-A.B mis- 
matches, but no mismatched triplets, have the same 
survival rates as the zero-HLA-A, B, DR mismatches 
[65], 

This matching algorithm applies the concept that 
each HLA antigen has multiple epitopes that can elicit 
specific alloantibodies. These antigenic determinants 
have been serologically defined as private and public (or 
CREG) epitopes [25}, and many of them correspond to 
distinct amino acid residues or sequences in HLA mol- 
ecules. The so-called epitope maps of the HLA-A2 and 
HLA-B7 CREGs are examples of the structural basis of 
private and public determinants [32, 33}. However, the 
information about the total repertoire of serologically 
defined HLA epitopes remains incomplete and this 
makes it difficult to apply HLA epitope-based matching 
strategies for identifying suitable donors for highly sen- 
sitized patients. 

HLAMatchmaker addresses the total spectrum of 
antibody-accessible amino acid sequence polymor- 
phisms as critical components of potentially immuno- 
genic epitopes. It considers a linear sequence of three 



amino acids as a minimal requirement for assessing 
HLA compatibility at the molecular level. Matching is 
assessed by determining whether or not a triplet in a 
given position of a mismatched HLA antigen is also 
found in the same position in any of the patient's own 
HLA-A, HLA-B, HLA-C molecules. A shared triplet in 
the same position on a mismatched HLA antigen can- 
not elicit a specific antibody response in the patient. 
This hypothesis has been verified experimentally in an 
accompanying article [58}. 

Why triplets? This algorithm considers the structural 
basis of the interaction between an antibody and a pro- 
tein antigen. The antibody-binding sites of immuno- 
globulin molecules comprise six hypervariable loops that 
make contact with protein antigen [66, 67]. They are 
referred to as complementarity determining regions 
(CDR); three are on the heavy chain (CDR-H1, CDR- 
H2, and CDR-H3) and three are on the light chain 
(CDR-L1, CDR-L2, and CDR-L3). CDR-H3 has the 
highest sequence variability and conformational freedom 
[68}, and this loop seems to play a primary role in the 
antibody specificity while the others enhance the speci- 
ficity and the strength of binding to the antigen [69}. 
Three-dimensional structures of antigen -antibody com- 
plexes have revealed that the contact area between anti- 
body and antigen is about 700 to 800 square angstroms 
and it involves about 15-22 pairs of amino acid residues 
[69-71}. It should be noted that the surface of the HLA 
molecule seen from above the peptide-binding region 
and the alpha helices is about 750 square angstroms [48]. 
With six CDRs on antibody and 15-22 amino acids on 
antigen as contact sites, one can estimate an average of 
three amino acids binding to each CDR. There is evi- 
dence that sequences of three residues can be recognized 
by certain antibodies with low affinity [72, 73}. For 
longer peptides of 4 to 8 residues that bind to an anti- 
body, the replacement of each residue of the peptide by 
other amino acids will indicate that three contact resi- 
dues are often essential for binding, whereas the other 
residues may be replaceable by virtually any amino acid 
[68, 74}. Thus, in the case of an HLA-specific antibody, 
one CDR may play a primary role in that it recognizes 
and binds the polymorphic triplet while the other CDRs 
interact with other sites on the HLA molecule. Such sites 
may have monomorphic and polymorphic residues. Site- 
directed mutagenesis studies have reported that amino 
acid substitutions in sequence positions distant from the 
epitope may influence the binding between HLA antigen 
and antibody [40, 75}. 

The selection of triplets for matching purposes does 
not imply that the structural basis of an epitope always 
involves exactly three amino acids. Many triplets have 
only one or two polymorphic residues, and some epitopes 
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might be defined by four or five polymorphic residues in 
adjacent positions. A typical example arc the five amino 
acid sequence in positions 79—83 that are recognized by 
Bw4- and Bw6-specific antibodies. Serologic studies 
have also described a heterogeneity among the specificity 
patterns of Bw4-associated antibodies suggesting possi- 
ble subtypes {42, 76, 77]. The application of triplet 
matching within the 79-83 sequence incorporates this 
Bw4 heterogeneity. A full mismatch for Bw4 is repre- 
sented by two mismarched triplets and a partial Bw4 
mismatch is indicated by a one-triplet mismatch in the 
79-83 sequence. Triplcrs are also used to incorporate 
possible epitope heterogeneity in the 149—152 sequence, 
which has four polymorphic residues in adjacent posi- 

For most patients, HLAMatchmaker can identify mis- 
matched HLA antigens that are hilly compatible at the 
triplet level. Many antigens crossreact with the HLA 
antigens of the patient and this finding is in accordance 
with the concept of CREG matching in donor selection 
strategies {21, 78, 79]- Often enough, the program iden- 
tifies other cross-reacting antigens that are incomparible 
at the triplet level and should perhaps be avoided for 
matching purposes. Serologically based CREG matching 
strategies emphasize public epitopes over private 
epitopes. Depending on the HLA phenotype of the pa- 
tient, certain private epitopes have considerable immu- 
nogenic potential and mismatching for them might be 
detrimental. This may explain why the beneficial effect 
of CREG matching on kidney transplant outcome re- 
mains controversial {78-83}. HLAMatchmaker permits 
a fine tuning of the CREG matching algorithm because 
it considers the structural organization of public and 
private epitopes. 

The identification of HLA antigens with zero-triplet 
mismatches is greatly influenced by the patient's HLA 
phenotype. In several cases, especially if the HLA phe- 
notype reveals homozygosity or has closely cross-reacting 
antigens, there are no or very few HLA antigens with 
zero-triplet mismatches. Acceptable HLA antigen mis- 
matches can be identified from HLA-typed panel cells 
that give negative reactions with patient's serum [84}. It 
should be emphasized that such negative reactions are 
obtained with the most sensitive screening technique and 
that they can be reproduced with several serum samples, 
especially if the PRA is high. A negative reaction means 
that patient's antibodies do not recognize any triplet on 
the mismatched HLA antigen(s) of a given panel cell and 
this information can be incorporated in HLAMatch- 
maker for the identification of additional HLA antigens 
not expressed on the negative panel ceils, but can be 
expected to be acceptable mismatches for the patient. 
How does one approach the analysis of a serum with a 
100% PRA? Obviously, the HLA antigen composition 



of the panel was such that the patient's antibodies always 
recognized one or more epitopes on each panel ceil. The 
chances for a negative reaction will increase if panel cells 
are selected with HLA antigens shared with the patient 
whereas the other HLA antigens are mismatched for a 
few triplets. HLAMatchmaker can readily identify such 
antigens. 

Several refinements are needed for an optimal appli- 
cation of the HLAMatchmaker algorithm. The assign- 
ment of triplets to HLA antigens may lack precision if 
the HLA typing information is based solely on serologic 
methods. DNA-based typing will permit the definition 
of HLA subtypes and, therefore, more accurate assign- 
ments of polymorphic triplets. Many molecular subtypes 
of serologically defined HLA antigens have different 
triplcrs in antibody-accessible positions. In such cases 
some serologically matched HLA antigens may have 
incompatible triplets recognized by rhe patienr's anti- 
bodies. 

Another limitation is the lack of sufficient HLA-C 
typing information. Serologic typing for HLA-C is often 
unreliable and only eight HLA-C antigens are considered 
in the version of HLAMatchmaker described in this 
report. Molecular methods are now routinely available 
for HLA-C typing and this permits a more detailed 
assessment of HLA class I compatibility at the triplet 
level. The HLAMatchmaker algorithm can also be ex- 
panded to class II HLA antigens encoded by the DR and 
DQ loci. 

Although HLAMatchmaker can be used as a cross- 
match predictor algorithm to identify potential donors 
for sensitized patients, it may also offer a new approach 
of optimizing donor-recipient HLA compatibility with 
the goal of preventing or reducing antibody-mediated 
rejection of organ transplants. In a recent review, McK- 
enna et al. [85} has emphasized rhe importance of HLA- 
specific antibody responses in transplant rejection. Any 
matching strategy for controlling humoral rejection 
should consider the overall repertoire of structurally de- 
fined epitopes and their immunogenicity relevant to 
antibody formation. Indeed, a recent study has repotted 
that HLA matching at the triplet level has a beneficial 
effect on kidney transplant outcome {65}. 

Various versions of HLAMatchmaker can be down- 
loaded free of charge from the website of the Transplan- 
tation Pathology Internet Service of the University of 
Pittsburgh Medical Center (http://www.tpis.upmc.edu). 
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